The purpose of this study is to reveal the changes in the perceptions of prospective science teachers on the concept of atom in terms of their levels of education. In the scope of the study, a two-part word association test was developed as the data collection tool, and it was applied on a total of 194 prospective teachers who were studying in the degree program for science teaching. The data obtained from the first part of the test were analyzed and the concepts that the prospective teachers associated with the concept of atom were determined, and the way these varied based on class levels was analyzed. Using the data obtained by the second part of the test, the meanings of the sentences the participants formed in relation to the atom and related concepts and the way this nature changed based on class levels were analyzed. The finding that prospective teachers on different levels associated similar concepts with the atom and formed sentences that contained alternative concepts in a similar way, showed that the atom, which is a subject of teaching on different levels since the secondary schools, was not internalized in agreement with scientific knowledge by a significant proportion of the prospective science teachers. Additionally, the analyses showed that no significant change occurred in learning the atom and related concepts based on levels of education. 
Considering the chronological development of atom models, significant developments have taken placed since the 1800s up to our time. Studies that started with the model proposed by Dalton in 1805 advanced until the modern atom theory, and they were improved by the contributions of Schrödinger and Heisenberg. In the Dalton (1805) atom model, it is stated that elements consist of atoms, all atoms of an element are identical, atoms form the larger pieces called molecules by gathering together, atoms are indivisible, and they have the shape of a solid sphere (Justi & Gilbert, 2000) . Thomson (1897) stated that atoms have small, negatively-charged particles that are called electrons, and positive and negative charges are distributed in the sphere to achieve the balance of electrical charge (Justi & Gilbert, 2000) . Rutherford (1911) indicated that the mass and the positive charge in an atom are concentrated in the center of the atom called a nucleus. The nucleus is 10000 times smaller than the atom and electrons more in circular orbits around the nucleus via the centripetal force of the nucleus (Justi & Gilbert, 2000) . In the Rutherford atom model, as the structure of electrons was explained by classical mechanics, the issue of why electrons do not fall onto the nucleus could not be explained (Justi & Gilbert, 2000) . Bohr (1913) , in his atom model where the behaviors of the hydrogen atom and some single-electron ions were explained, stated that electrons might not be on a random circular orbit around the nucleus but may be located on circular orbits that have a certain energy (energy levels) and electrons have the energy of the energy level they are located on, but he could not explain the behaviors of atoms with multiple electrons (Akyol, 2009; Özgür & Bostan, 2007) . According to modern atom theory, as electrons may be located in more than one place at a time, their position cannot be known precisely and the regions where electrons have high probability of placement are called orbitals (Justi & Gilbert, 2000) .
Concepts used by individuals to make sense of events and relationships among events have a significant place in physics education (Ayvacı & Devecioğlu, 2009) . The role and importance of the concept of teaching/learning in teaching relevant subjects led to significant research conducted in the field by staying under the radar of researchers especially in the field of science education for a certain and long time. Considering that learning concepts is highly important to learn about a subject, it is argued that students form conceptual constructs in their cognitive structures that are thought to be meaningful but actually do not have much to do with scientific knowledge (Kurt & Ekici, 2013b) . It is reported that these misconceptions in these conceptual constructs obstruct accurate learning and lead to new misconceptions (Clement, 1982; Yağbasan & Gülçiçek, 2003) . As known, according to the common claim supported by all current theories of education, the preliminary knowledge (that includes misconceptions, alternate concepts, etc.) of students when they arrive at the learning environment has the quality to potentially obstruct learning. As learning is the product of an interaction between the existing concepts in the mind of the individual and newly acquired concepts, it is necessary to reveal the general characteristics of the concepts in students' minds.
The misconceptions and lack of knowledge of prospective science teachers about the concept of atom, will make it harder for them to understand some subjects about their field and carry out their profession in the future, and they may lead to misunderstandings, which affects the success of their students in science classes and reduces their interest in these classes (Kaya, 2010) . Moreover, it is also stated that any erroneous information held by prospective teachers may affect their students' learning in the future, in other words, the misunderstandings held by prospective teachers may lead to emergence of misconceptions in their students via in-class interactions during education practices (Bradley & Mosimege, 1998) . It is also known that the knowledge base of teachers regarding their own field either increases or restricts their students' levels of learning (Mitchner, 1994; McDiarmid & Anderson, 1989 ; cited by Tezcan & Çelik, 2009) . It is reported that concepts or information that are superficially covered without learning in the correct way not only affect individuals' later periods of education, but also have the potential to cause much more significant problems in understanding and comprehension in their personal and professional lives (Schulte, 2001) . In this sense, it is accepted that the process analysis of education that is carried out by considering that correct learning is a reflection of quality teaching activities is an important subject to be researched. Also, it is expected that prospective science teachers should have more qualified knowledge about basic science concepts in upper class. Because, in upper classes, basic science concepts are considered in detail in the course of material development, special teaching methods and teaching practices.
Purpose of Study
Accordingly, the purpose of this study is to determine the perceptions of science prospective teachers towards the concept of atom, which will allow correct and easy perception of higher-level science subject and therefore facilitation of meaningful learning, and to understand the effects of undergraduate programs on these perceptions. Regarding this purpose, answers were sought for the following questions; -Which subjects and/or concepts do prospective science teachers relate the concept of atom to and how do these related subjects and/or concepts change based on the class level?
-How do prospective science teachers explain the subjects and/or concepts related to the concept of atom and how do the scientific qualities of these explanations change based on the class level?
METHOD
In the scope of this case study, what happened in a real setting was analyzed by systematically collecting data, and the results were presented. Case study is a research design that studies a case in the real-life framework of its own, and investigates cases in a versatile, systematic and in-depth way (Yıldırım & Şimşek 2011) . The resulting product is the understanding of why the case is that way and what should be focused on in more detailed for future studies (Gökçek, 2009 ).
Sample
The sample of the study consisted of a total of 194 students of science education, including 66 first year, 47 second year, 38 third year and 43 fourth year prospective teachers.
In the framework of the basic principles of the Anthropological Theory of the Didactic (Sağlam-Arslan, 2016) established by considering the fact that learning about a concept is related to the states of learning that concept and they are even reflections of the teachings that are encountered, this study analyzed the potential knowledge of the participants regarding the concept of atom. According to this, the courses in which participants encounter the concept of atom that is scheduled institutionally in formal education institutions are summarized in Table 1 . Table 1 show that participants encounter the concept of atom in all grades from the 6th grade to the last year of their undergraduate degrees. Additionally, the table shows that the concept of atom is a subject of both Physics and Chemistry classes in all grades at the high-school level, while at the undergraduate level, this concept is included in the curriculum of 1 class in each of the 1st and 4th years, and in the curriculum of 5 different classes in the 2nd and 3rd years.
Data Collection Tool
A word association test was used as the data collection tool in this study. Word associations tests are a technique used in determination of psychological and sociological beliefs and attitudes in addition to analyses of conceptual constructs (Hovardas & Korfiatis, 2006) .Word association testing is an alternate measurement and analysis technique that allows revelation of the cognitive structure by making it possible to analyze the network of information in individuals' minds, the structure of the connections among the concepts that create this network, and whether these connections are significant or not, in the framework of key concept(s) (Bahar, Johnstone & Sutcliffe, 1999; Bahar & Özatlı, 2003; Ercan, Taşdere & Ercan, 2010; Kaya & Taşdere, 2016) . It is seen in the literature that word association tests are used frequently for achieving different goals including revealing cognitive structures (Atabek- Yiğit, 2016; Ekici, Gökmen & Kurt, 2014; Ercan, Taşdere & Ercan, 2010; Kaya & Taşdere, 2016; Kurt & Ekici, 2013a; Kurt ve Ekici, 2013b; Özata-Yücel & Özkan, 2015) , detecting misconceptions or alternate concepts (Ayaz, Karakaş & Sarıkaya, 2016; Özata-Yücel & Özkan, 2015) , determining conceptual changes (Ercan, Taşdere & Ercan, 2010; Güneş ve Gözüm, 2013; Kaya & Taşdere, 2016; Nakiboğlu, 2008) and determining perceptions (Özata-Yücel & Özkan, 2014; Özata-Yücel & Özkan, 2016) .
As the participants need to write down the concepts that are reminded by the stimulant word in a certain time limit in the first stage of word association testing (Gussarsky & Gorodetsky, 1990) . In this study, the prospective teachers were asked to write down the first ten words that came to their minds about the concept of atom in 30 seconds in the first stage. In the second stage, they were asked to provide more than one sentence about each concept they provided regarding the concept of atom.
Also, another reason for using the word association test in this study is that it provides more data collection in a shorter time.
Data Analysis
The words and concepts associated with the concept of atom by the prospective science teachers in the first stage of the word association test were categorized based on their common characteristics and a frequency table was formed. The sentences formed by the participants for the words or concepts that associated with the concept of atom in the second part of the word association test were categorized based on the meanings that contained using the categories developed by Özata-Yücel and Özkan (2015).
-Scientific information; if the sentences formed by the participants were scientifically accurate, they were classified here, and university textbooks are considered,
-Emotional information; this category included sentences that reflect the emotions and thoughts of the participants, made sense of via their part experiences and traditions that have no scientific meaning, -Superficial information or information that contained examples from daily life; sentences used in daily life or language that have no scientific meaning were classified here, -Unscientific information or information with misconceptions; this category included responses in which the participants tried to load scientific meanings to the key concept, but related it to the concepts and statements that have a different or erroneous meaning.
In the data analysis stage, as a part of testing reliability, one researcher determined the categories for the words and concepts that the participants associated with the concept of atom, while the other researcher controlled the data analysis. In the stage where the words or concepts that the participants associated with the concept of atom were analyzed based on the meanings they contained, both researchers examined the papers separately and made classifications. After this, the classifications with agreement were accepted, and those that were not in agreement were reevaluated and categorized. Table 2 shows the distribution of words/concepts associated with the concept of atom by the prospective science teachers based on categories. The prospective teachers associated a total of 110 concepts classified under 13 categories with the concept of atom. In Table 2 , it was observed that the concepts associated with the concept of atom by the prospective teachers were mostly concepts related to subatomic particles, structures formed by the atom, structure of the atom, definition of the atom, and atom models. Additionally, it was also seen that, while less frequently, concepts related to characteristics of the atom, nuclear structure, science and scientific fields, dimensions of the atom, examples of atoms, types of atoms, scientists and the shape of the atom were also used.
3.RESULTS
In Table 2 , it was observed that the most frequent category related to the concepts stated by the prospective teachers in all levels was "atomic and subatomic particles" (23.8%), the concept variety regarding this category was the highest in the 4th year level. The prospective teachers stated the concepts of "electron, neutron, proton" most frequently regarding the category subatomic particles. These concepts were mentioned by more than half of the 1st and 2nd-year students, half of the 3rd-year students, and almost all 4th-year students.
In all class levels, the "structures formed by the atom" category was the second category (16%) to contain the highest number of associated concepts, while the concept variety related to this category decreased continually towards higher levels (Table 2) . In relation to this category, the prospective teachers mostly stated the concepts "element, molecule, compound and substance". While these concepts were stated the least frequently by the 3rd-year students, the concept of molecule was the most frequently stated concept by almost half among the 3rdyear students (Table2).
In Table 2 , the concept variety related to the "structure of the atom" category (12.8%)was maximized in the 4th year. The most frequently stated concepts related to this category were "nucleus and orbit", and these were stated by more than half of all 4th-year students (Table 2) . Additionally, concepts related to this category, "orbital and energy level", were stated mostly by a few students in the 4th year, and the concept "period" was stated by some students in the 1st year of their education.
The variety of the concepts related to the "definition of the atom" category stated by the prospective teachers (11%) was no difference among the class levels. Regarding this category, the concepts "the basic unit of matter and cell unit" were most frequently mentioned by the 2nd-year students, the concept "granular structure" was stated mostly by the 1styear students, and the concept "particle" was used mostly by the 3rdyear students. Table 2 shows that the variety of the concepts related to the "atom models" category (10.9%) was the highest in the 3rd year. Regarding this category, the concepts of "Thomson atom model (Thomson and plum pudding model), Rutherford atom model, Dalton atom model and Bohr atom model" were used most frequently by the 3rdyear students.
The variety of the concepts related to the "characteristics of the atom" category stated by the prospective teachers (9.4%) was low, while it was the highest in the 1st-year students (Table 2) . While the concepts "chemical bonds, mass number, electrolysis, atomic number, ion/ion charge, mole, atom charge (positive, negative, neutral)" were mentioned by the participants, they were mentioned by a small number of participants.
The variety of the concepts related to the "dimensions of the atom", "types of atoms", "shape of the atom", "nuclear structure", "science and scientific fields", and "scientist" categories stated by the participants were very low, and there was no difference among the class levels. It was identified that the dimension of the atom was associated with the "small" concept, and the shape of the atom was associated with the "spherical model" concept. It was also found that "atom bomb, nuclear disaster, nuclear accident, nuclear weapon" were the concepts that were most frequently stated in association with the category "nuclear structure", the concepts "chemistry, physics" were the most frequently stated ones in association with the category "science and branches of science", and "Einstein" was stated the most frequently in association with the category "scientist" (Table 2) . Table 3 shows the distribution of the sentences that the prospective science teachers formed in relation to the concept of "atom". Considering the distribution of the sentences formed by the prospective teachers regarding the concept of atom based on semantic categories, a large part of the sentences was in the scientific information category (46.5%). While some (19%) of the remaining responses were classified in the superficial information or information that contains examples from daily life category, a significant part (31.5%) was classified in the non-scientific information or information that contains misconception category. The ratio of the sentences in the emotional information category was very low in all levels, and no responses in this category were found in the 4th year level (Table 3 ). The ratio of the sentences that were categorized as scientific information was the lowest in the 3rd year, and the highest in the 4th year. It was also found that the numbers of sentences that contain superficial or daily-life examples were close in the 2nd and 3rd year levels and a bit higher than those in other levels. Additionally, the numbers of sentences in the 1st and 2nd year levels that contain non-scientific information and misconceptions were the highest, while this number was the lowest in the 4th year level. In the emotional information category in which the sentences with the lowest number were classified, it was observed that the close ratios of responses by the 1st, 2nd and 3rd year students were listed. Examples are provided below for the responses by the prospective teachers summarized in Table 3 answers, 2nd grade-2 answers, 3rd grade-2 answers, 4th grade-3 answers).
 The positive pole is proton, the negative pole is electron, and the neutral pole is neutron. (1st grade-1 answer) .  By dividing the atom, Einstein proved that it has the basic unit called electron, proton and neutron. (1st grade-3 answers, 2nd grade-2 answers, 3rd grade-3 answers).  The atom's nucleus consists of neutrons, electrons and protons, and these are found in the orbits. (1.st grade-2 answers, 2nd grade-4 answers).  The cell is the smallest unit of living beings. (2nd grade-4 answers).
The examples of quotes above show that prospective teachers on different levels use similar sentences that have the quality of being acceptable in a scientific sense. For example, considering the statements in the scientific information category, in which the highest number of responses was classified, the statement "the atom consists of protons and neutrons in the nucleus and electrons in the orbit" was frequently repeated by prospective teachers on different levels. Additionally, it was also seen that prospective teachers (31.5%) gave answers in the category of unscientific information or information based on misconception, and used the expression "the atom is the smallest unit of matter". Considering the examples in other categories, while similar responses were found, the responses varied in general. In this context, while similar unscientific and misconception-based responses were found on different levels, such responses were rarer for other categories.
4.CONCLUSION, DISCUSSION and RECOMMENDATIONS
In the scope of this study, the concepts prospective teachers associated with the concept of atom were revealed using a word association test, the perceptions of the participants regarding this concept were analyzed, and the change in these perceptions along the undergraduate program was investigated.
It was observed that the concepts associated with the concept of atom by the prospective teachers were mostly concepts related to subatomic particles, structures formed by the atom, structure of the atom, definition of the atom, and atom models. Additionally, concepts related to characteristics of the atom, nuclear structure, science and scientific fields, dimensions of the atom, examples of atom, atom type, scientists and the shape of the atom were also mentioned.
It was seen that the most frequently mentioned concepts among participants of all levels were related to the "atomic and subatomic particles" category, and in the scope of this category, the concepts "electron, proton and neutron" were mentioned mostly. These concepts are the basic physical concepts about the atom, and they were mentioned by more than half of the 1st and 2ndyear students, half of the 3rdyear students and almost all 4thyear students. The decrease in these concepts' frequency of expression and the minimum state reached in the 3rdyear students may be an indicator that this learning is not permanent, or it may be that there is no course in the 3rd year science education curriculum in which these concepts are discussed. While the increase in the 4th year level may be explained by preparation for KPSS, it may also be explained by the elective chemistry and life sciences courses taken in the 4th year. Additionally, at all levels of education, it was seen that concepts like quark, nucleon, photon, and photoelectric that are related to the subatomic particles category were rarely mentioned. It is an interesting finding that these concepts were rarely or sometimes never mentioned by the 2nd year prospective teachers, although there is a course on introduction to modern physics in the 2nd year science education curriculum.
The participants in all class levels mentioned concepts related to the "structures formed by the atom" category by 16%, mostly the concepts "element, molecule, compound and matter" were mentioned, and the concept variety in this category decreased continually towards higher levels. The finding that about half of the participants in the 1st year had more variety in their statements of concepts in comparison to other levels may be explained by their recent completion of preparation for entrance exams and possession of fresh knowledge.
Similarly, participants in all class levels stated concepts related to the "structure of the atom" category (12.8%), they mentioned the concepts "nucleus and orbit" mostly. The finding that concepts such as orbital, energy level, hollow structure and electron cloud were mentioned generally by 4th-year students may be explained by their preparation for KPSS subject exams, as well as elective courses they might have taken such as chemistry and life sciences.
The concepts stated in relation to the "description of the atom" category in all class levels (11%) varied to the broadest extent in the 1st year, and this variation gradually decreased along higher levels. In the scope of this category, the participants mentioned the concepts of "the basic unit of matter, granular/particular structure, smallest unit, particle, cell unit, the most fundamental unit of matter". The concept of "the basic unit of matter" was used most frequently by 2ndyear students, and the term "cell unit" was used only by 2ndyear students, which may be explained by the general biology course included in the 2nd year science education curriculum. Additionally, the finding that the 1styear students were the ones who mentioned the concept "granular structure" most frequently may be associated with the general chemistry course in the 1st year science education curriculum. Another finding that the concept "particle" was mentioned most frequently by 3rdyear students may be explained by courses such as selected topics in physics in the 3rd year science education curriculum.
While the variety of the concepts related to the "atom models" category mentioned by all participants (10.9%) was the highest in the 3rd year, it was found that the Thomson atom model relevant to this category was the most frequently mentioned model in all class levels, and this was followed by the Rutherford atom model. Karagöz and Sağlam-Arslan (2012) stated that students usually associate the atom with foods, and reached the conclusion that students' descriptions are influenced by Thomson's plum pudding model and the granular model by Rutherford what particles revolve around a nucleus learned from science teachers or depictions in textbooks. Harrison and Treagust (1996) reported that cognitive models that students have about the atom are affected by textbooks and models used by teachers. Moreover, these concepts were followed by the Dalton, Bohr and modern atom models. It was observed that the Dalton model was the second most frequently mentioned concept in the 1st and 2nd year and the modern model was not mentioned at all. This result supports the findings of Paliç-Şadoğlu (2016) . Likewise, Çökelez and Yalçın (2012) also reported that more than half of students think about the atom as a solid sphere, and a very small proportion (5%) is aware of modern atom theory depictions. Furthermore, considering the study by PolatYaseen (2012) which suggested that middle-school students usually have drawings of the Dalton model, it may be argued that some participants of this study still retained the conceptual outcomes of the educational process in the elementary and middle-school periods. Additionally, it was seen that the concept of the modern atom model was mentioned usually by the 4thyear students despite its rare expression by others, and this was associated by the 4thyear students' preparation process for KPSS subject exams.
The variety of the concepts related to the "characteristics of the atom" category stated by the prospective teachers was low and the concepts "chemical bonds, mass number, electrolysis, atomic number, ion/ion charge, mole, atom charge (positive, negative, neutral)" were mentioned mostly by the 1st-year students, while these were rarely mentioned in general. Similarly, the variety of the concepts related to the "examples of atoms" category stated by the participants was very low, and the highest among the 1st-year students. It was also observed that the concept variety in other categories with low percentages was low and did not show any noticeable difference based on class levels.
In the scope of this study, the prospective teachers were asked to form sentences about the concepts they associated with the atom, and the sentences formed by the participants were classified under four categories based on their qualities. Accordingly, it was seen that a little under half of the sentences formed by the participants was in the scientific information category and the participants formed similar sentences in general. The ratio of the sentences considered to be scientific information decreased in higher levels was minimized in the 3rd year level, and maximized in the 4th year level. Likewise, this situation is supported by the finding that concept variety was the highest in the 1st year, decreased in the 2nd and 3rd years, and increased again in the 4th year. Decrease in concept variety in the 3rd year implies that the obtained knowledge was not permanent, and learning was superficial. This situation, which is in favor of the 1st and 4thyear students, may be associated with the existence of nation-wide examinations seen at the level of both class levels.
Another part of the sentences formed by the participants was in the category of information on examples from superficial or daily-life issues, while a significant proportion was considered to be in the category of information that contains nonscientific basis or misconceptions. While similar sentence qualities were seen in these categories, it was seen that the responses started to differentiate in general. Additionally, it was found that the ratio of sentences in the emotional information category was very low for all class levels, while no sentence of this category was found at the level of 4th year.
In the statements in the category of unscientific information or information based on misconception, the most frequently provided statement by many prospective teachers was "the atom is the smallest unit of matter." Similarly, Kaya (2010) interpreted the responses of 3rd-year science education students as "the atom is the smallest unit of matter" in the "partial comprehension" category. In Birinci-Konur and Ayas study (2008), a misconception as "the smallest unit of matter is the atom" was found. The statement that "the atom is the smallest unit of matter" is a misconception that may lead students to think that "the atom is indivisible," and therefore, students experience confusion when they see the structure and components of the atom (Bak & Ayas, 2008) . Additionally, some studies in the literature ) also suggest that the statement "the atom is the smallest unit that carries the characteristics of the matter" may lead to a perception that there are no smaller particles in the atom.
On the other hand, only 2ndyear students were seen to associate the atom with "cell unit" and "microscopic" concepts and establish similarity between the atom and cells. This may be explained by the general biology course offered in the 2nd year science education curriculum. Kaya (2012) reported that some students have misconceptions that "the atom is the smallest, indivisible unit of matter" and "the atom is the most fundamental and basic unit of a cell". In Özgür and Bostan's study (2007) , it was reported that smallness of atom and molecules and observation of a cell via a microscope makes student perceptions harder, some students consider atoms and cells to have the same dimensions, and this misconception is led by the definitions of atoms and cells.
Based on the comprehensive interpretation of the results obtained from the study, it may be seen that prospective teachers have significant shortcomings and difficulties in structuring their perceptions in an explanatory and scientifically acceptable way regarding the concept of atom which has an important place among the concepts that they will teach in the future. This situation brings the qualities of education situations into question, regarding the teaching of the concept of atom, which is discussed from the middle-school 6th grade level to the last years of undergraduate study, and has an interdisciplinary nature. Additionally, it is recommended to analyze and improve how the atom is discussed in different disciplines and at different levels, which education situations are utilized, and whether these are internally consistent and complementary to each other. The studies that focus on the design and implementation of learning environments for identifying and developing perceptions of the atomic concept of prospective teachers in different disciplines will contribute to the field.
